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im?m i ] tmm±fc s i Gei^wt^^-c 

mzmmm±<<cmi<Ds \ {1 .nGej (o^x<o. 
0 5) imaiti^yyrBaaMt, 

mSS&KDS i c^oGe.il^Z^S i cl . 0 Ge v 

m (o. 0 5^y<n *»isr**wi5tfaa4*« 

Sfttti-r S S i G e m<DBf£fi&o 

2 ] If *I 1 tCiBiS<D S i G e BCD^fiS^j* 

4>&< ifefri2^2<DS i tl _ v) Ge v K£, 0. 13 3 
PaJ&lbl. 3 3x l 0 4 Pa«TcOE*ffiHCD^JIC 
VDffi«:J:0fiE«'r*c4*«p«irSS i Gem<DB 

3^ *««w»sss nfc s i »«±&c»j»«*^-r 20 

^fiE-rSS i GeRJgfiEXSt, 

«HB^-^flw«±<c s i cox * 9 *«***jitr *xa 
me s i g e kj&sxs«> Suta s i g e mzm>m 1 30 

XW 2 &Ciei£tf> S i G e J*<Z>}&RE*ffitc J: 0 Bf&~?2> C 

MfiS i GeKJ»«SXStt. Sule^2(DS i t i-v>Ge v 
H<DGe£tibttyftS0. 0 8^y^0. 3©liflt* 

s i ifitcM?n/c3 u # zmt&t , 

mBS i «R±K:»j«S*iWBa u»*ii4Kc9t;&K 



fc»l©S ici-.iGe.M <0^x<0. 05) 
fafemiOS i tl _ u >Ge*m±ttCBl&2tiftM2<DS i 
{1 . T) GeJ(0. 0 5^y< 1 ) tZffiX.. 
WSSRKOS i cl _. s Ge„fltl2> 0. 5nm£Lb5nm 

[»#H6 ] l»#Jfl 5 Ccia4EO^«r ng^- h ^ 

SWBfU2<DS i cl . ¥) GeJ», G e JftffiJty^O. 0 
8^y^0. 3(DW"C*^Ci^StT^^n 

[0 00 1 ] 

S i Geic»lilWtti^o«^h7>y^>0lB 
[0 00 2] 

[«£*CDS«] 0 fcx * F 

pjg^r^>t>**> «\ (BMi*fr»os i ruMLt* 

[0 0031 S6*. HBTtt, GaA s <b A 1 Ga A s 

±<Dm&£i?i*mcj:t)mi'EZtixi,>tc&, is& % s i 

<t0 4>S i Ge (V'Ja^-y^') 
A) K*> » ^3»^SC4Ci*>6, S i Ge^ffl 

l^fcHBT (filT, SiGe-HBTi*T) ^B»« 
.SB8S*iri»*. COSiGe-HBTU, tSffiSStD 
fi*ttS i ^a-fe^ifi^L/St^ Si-LSI£<£>i£ 
« < 1 Zfit) **nJ*k Ga A s yv^XGCit^TSJ 
I^Xh^^, S i tctt^TW«WCc|RC^||Lr(r* 

[0 004] -<-XWc S i G e S i G e - 

HBT(DSJS^P-feXiL/T« k 

ccds i o a cc*f LT-<-^pgpgp (^-x&ss) 

[0 0 0 5] tt*5, Sfcfc. ^g§¥9 - 1 8 1 0 

9 1 2 0 0 0-3 1 1 5 5#4i«-Ctt, S 

i G e (D#3BtRx fcf » ^UJ3Efi*tf 5 W«C^ ^ 7 y 
ilTSi?:l 0-5 0nmW§WI^3tlt 
t>£ 0 ^/c, ^fl^lCf* D.L.Haram^CIEEE Transactions 

on Electron Devices, Vol .42 , No. .March 1995, p469.) 
•^3. L.Recplini^F (Materials Science in Senri conducto 
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r Processing)^ ^-*HPffl*ttlX'r5BL ■?* 

it*lllt4C4ft< l S i GeCD^iitRxt^^^^ 
[0 00 6] 

JRx£**^*JWifeBfc«fco , T:S i Ge£J&g3i*£S 
iGe-HBTO, ^XBPaHCtf»r*xtr 

JH^-^3l*aJL/«ibrffl^6nS. CQtl^ s 
i O.iWMJS iGet«««4S i 0 2 ±tCfi£S^ 

[000 7] ±IB^*S^r«, S i O.iK^fcS i 
G)rty7 rS& 1 0-5 0 nmfiEIl/tl^fc^ ^CD 
±^Cfi£ST^S i Ge<DJS7Sn^*Di8l^St>n^ 

hi 0-5 onmfttcvmm&)te'<-xmm&m<ft~o 

fly* yVy »J»©»Je»*^!>^-^jfefTl*nB#fi< & 
0, «Sttft©ft:tf>K: S i Ge^-^KSffllfc^ V 

^-^WfttiMr D feil< & o x b C 9 * 

[0 0 0 8] S/c, ^iSAS iSM7X^<hLt<- 

[0 009] «r»©KH«:ifi*Ttt3titefe 
<Z)r, *6»]g±<DS iGe«^nsci«rB5C>t?iW 

5, 

[0 0 10] 

[mm*M&&Z>fc&G>&&] *3WI*6tt, S i Ge 
G e »Sib-C*n«*«CcW(i> S i G e '* 9 7 r HJTC 
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4 

£H.tBL/c„ Tftfr^ *«9!#6». S iO,±CCG 
ettfiJUt S i GeRfrttfiU *©JSH«tt»9 

fcBJ^S^CC. ^v7 7m<Dm2*$ZZ-tcS i Ge® 
*<D«BR*WSU:fc. ft**, 05, 0 6Rtf 
H7«. *ti-etiGefflfiEi:b*0. 0 4. 0. 1 3M 
0. SOil/cSiGeHOSEM^Xt*^), 
H8ti> «JSiHS©HHr*D, SiO,±K;^7T 

nm£-Cg;t/c*f<£cDS i Gel (Gefflf&tbO. 3 
0, 7 TM±<DMmZ\5l— ) btSEv&^T^ 

[0 0 1 1 ] H6HH7j&>6to*>*J:5tt:, Ge*U&tb 
#0 . 13 ©»^rtt. S i G e KttW#WCC^a*Mt 
LTfc 9 , ?6^CGe fflJffilt 0.30 ©W^tt^CC 

7c, l38^6=b#>&J:5Cc\ ^v77liO»)W0. 5 
n mTttffifii^^CfijiiSn, 5 &CCJB»# 1 n 
mr filSfflW— «f & c <h /Co 
[0 0 12] l/^ot, *^HJ«, COfclJi.CCg^ 

SWUfc. -Tttto^. *l%BSOS i Ge©CDff$R£^ft 
tt. f6il±^CS i GeI4MT^-C$)oT, M 
g3»S»K±^mitDS ici-oGe.K <0^x<0. 0 
5) *»«TS^?7r*SD:Si, Bulfi#lCDSi 
{1 . a ,Ge I «J:K:*2OSi (1 .„Ge r ll(0. 05^ 
y<l) *«5j«T**W^tfa:Bi*«*., 
r»«l8tt WB»l©Si [l . o Ge 1 ,i*0. 5n 
m&Lk 5 n mfeTFO » S ©BT?fi£K-r £ C <t £ T 

[0 0 13] COSiGelOMSam /*97r 
»JiRXetc*J(rir, SfUcDS i ci-.iGe,K&0. 5n 

1 0 — 5 0 nmiC^Wr^ 9 77l*7SiU 
^tCfSl^^ v~y 7 mxm 2 CDS i G e gtOTSSKfk 

SS. fcfc, ±3ib/c<fc^tC, ^lCDS i (,-oGeJ 

^.oGeJiRtfftl^ (^2 CDS i C i-oGe v K 

*2©Sici-oGe ¥ i#GettStty = 0. 
3t?aboTfc, 311 <DS i tl ..,GeJt0. 5nmi 

1 ©S i C1 .„ G e.«t 5 nmKTi UfcOB, Ctifei 

[0014] *»W<0S i G e^CDJ^^ffi^, 
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4>ft< ifcfi5ialfl2<DS i (l _ v) Ge v Jg£, 0. 133 
PaEtJil. 3 3x 1 O'PaJWTcDBE^ffiffiCD^BEC 
VDtt^J:0)«iir&»6fc»a-C*5. M 
JECVDiSte, lWtSt?RW*ff5UHV-CVDttcfc 

2 ©S i (l .„Ge,R©fi)EIKffiK:jfECV 
Dffi**rr*C&K«fc9. UHV-CVDj*»<DJ«fi 

^ccJt^rw^«l^»W©J»»ft»4 c 4 #t # 

*/c. «ECVDffi , rfcSSOCSHaS iGeM 
f#4C 4 UHV-CVDi£^<DiSK£t£ 

[0 0 15] *«MO^o»^h^>y^*©«3S* 
ffitt. S i Ge©^-"^S«4W*rS^Og^h7> 

tcs icDxs ^««4MtsxS(b4fi^ sates 

i GegBBtiEDIiK. to IBS i Gett&±R#»!JK>S 
i G e Kcd^jS:* £te J: 9 jBrtr * c 4 *«« 4 T * . 
[0 0 16] S/c t^^fog^l-7>^^ 
fct, S i G e ^ h 9 >^ 

tjias i a«±tc^stiUia=3 u c*sg 

-^«J«CCgSttStifcS i Ge»rt>6&sg|*HlUft 

«Jn/c»10S i ( w,GeJ (0^x<0. 0 
5) 4, BylBUlcDS i c »-«> G e.BLbCc»jSShfcW 
2©S i (1 . v5 GeJ (0. 0 5^y<l) 4*flML 
KEilOSid-oGeJIi, 0. 5nmfiUb5nm 

[0017] cn^^fPS^h^^X^O)®!* 

Ge x JK(0^x<0. 05)±tCS2©Si (a . ¥j Ge 
vIS (0. 0 5^y< 1) tPI&gtStl* Sl^Siu.o 
Gej#0. 5 nm^5nmJiaT<W»S^*SO 
T\ »*Jg±tcK^n^ffll*»J3n/cS i Gejg;tf|§6 

SSi^CDS i Geli Lt, i^SlOS i (1 . x) Ge J 

[0018] Sfc, ^WCD^^Djg^h ^>^X^O 
Wfc&tttt* FiuiSS iGe«IH^ ii5iS3fl2CDS 
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i tl . v) Ge v lS©GeSBJ*tty^0. 08^y^0. 3 

WK»2©S i ( i-v)GejOG 
ettffiltytfO. 0 8^y^0. 3Qf5Hl*n?*ac 4 

[0019] Cft^CD^tfg^ h ^ ^©Kit^ 

Ge v Kd0GeSHJ5Rtky^0. 0 8^y^0. 3CDIBB 

io ^t^mn^, 

[0020] 

4 ^ o 18^ F ^ > ^ * * 

[ 0 0 2 1 ] 0 1 4^H©^QJ8£'*-f #-9 h 
5>W*J/ya> (HBT) CDflnmttKlMI*«r9 
ti(Dt*5 6 ggHBT(D»Ji€:-e<D$8S^O'feXt^ 
*^Ti&93T&4, i2© (a) CC^TiMC P^> 
20 ija>9*^(Si«) l*ffi*ctt, t:JlHTfci&# 
vC<J:0 n* + tc F — fcf> #3 ftfcai&frl^ri u # jr««t 
ZffiHSOLSti. jetCV'ja^'Jx^lIEKInSi 

[0022] 9Cfc. 02© (b) tCS«\fc5R:, n - S 

<:aU**«tt> *s*rt3tiS. ^bt, 02CD (c) 
30 vC^TJ: 5 tc, n-SixWt^tiH3 (Dg|ffitc:*& 
*tJg4 0TffU CDS i 0 2 @ (lK<t>"J3>l) 6£ 
MMbXSKJ:9#a a< r&. *l©SiO,» 

l con u ^ 3? 0 4 (cat D 7 %j^Str 

So 

[0 02 3 ] #Cfc. 02© (d) KTjvTcfcSK:, 
K»7±acf»10S i O.JBBiKS i GeR8*# 
aWlWKUBfiW*. COS iGe!8lt ^^rli 
L/TffjRSSn^^lOS i u.oGeJ (0^x<0. 
40 0 5) 94, i^miOS i c»-oGe.«9±fc*dlSti 
4»2©Si <1 . v) Ge,«(0. 05^y<l) 10 4 
CD2Jl«j£**tr&. 

[0 0 24] -Ttttoft. S i GeR8«:JKfiEr40Ctt, 
**\ ^<-X3KW7±RO t »l©S i 0,IB6±K:*1 
OS i (J .oGeJ9^0. 5 n m£Lfc5 n mfiTFOW 

?7rXMdtXB) o ^1CDS ic-.iGe.R9 

±K!£2CDS i cl . vS Ge v m 0*#»lxK**^* 

50 [002 5 ] tt*5, H1CDS i u . 0 GeJ9aCJ £ f2 
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©Sio-oGe^HlOtt, 0. 133Pa«±L 3 
3x l 0 4 Pa«TcDJI^J©H(OMI£CVDffi^:<fc0fiS 
mZ* *tc. m2<DS i .^Gejl OOGefiS 
Jtytt, J:0^l<«0. 08^y^0. 3cDffiBrt 
&cg^3ft£o £tc, ccr>«ECVDft«cte»4RHBBB 

gte. 6 o o-8 0 o'cr$>&£*#:, *+yT#*<t 

LtH^, y-^iLtSiHiaffGeHiti 

[0 02 6] C©SaBIXeT?tt, ^-^*«7«C»|fcS 
n^^lOS i ti „ Ki Ge.Et9RZm2<DS i CJ -„G 10 

S1©S i O a @6±fc:Ji2J?£<**i&£UCDS i (1 _ 0 
Ge„a9atf»20Sia.oGe,ilO#, 

S i cl . J() Ge,I9R^2c7)S i (1 . V )GeJl 0 

r, -<-X^g[57tCS i G e^8 tC^^>^7"U^CD^ 

[00 2 7] IH2CDS i „. 0 GeJl 0±K^ 

ffiiCl lK«3h*«#*JSLT#l©S i d-»»Ge, 
MI9Rtf»2©S i tl -v)GeJl 0ft»*T*. 36 
S3<D (b) fcm*r<J:5te, 8lofc»2<Z>S i C i-v 

5 Ge v ii o±aof«mL/fc»rios i o 1 »6±fc» 

2 CD S i O.JBl 3*S!WT*. 
[0 0 2 8] %CC, »2©S i 0 2 M 1 3±tcvx^fia 

(Ml ltCjlD^xS 4*&f$tfr*o CCD 

xs 4»C«&2©S i O.JBl 3±CCC 30 

VDffiCCJzO S i *xe#*v*Jl/JiSfi3l*> i^ 1 ^ 
4 0CS iiH*S§Jil 5MLti^ 7*tRttl 
6£ffSJ&T£c ^tt, x5**SBB14tt:^;***ai 

CDS i 0,111 3±C0S i *Xy?>#%mit<t:*)f&& 

[0 0 2 9] SH2CDS i 0,111 3±tev**® 

(c) &c^TJ;5ic, ^-x?i€rttil,8U 2&CjIC£^ 
-xmffi&SP17£> x^d»»«16(clD5i5 7 40 

&ffli7 k 1 8 Stf raw* 

Ig2 0, x* 9*M2 lRO s: r2b^^mffi2 2£ff£ 
ISM-4CiK:<fc»K *««»»©HBT3WI»3tl4- 
[0 03 0] #SOB#«M>S i G eHO^I«^£. H B 
T©8l«#ffiRtfHBTT?«\ SlOS i (1 . 0 Ge J 
9 (0^x<0. 0 5) ±CC»2(DS i C i-oGe y Rl 
0 (0. 0 5^y< 1 ) WKSSh, *l©Si (l .o 50 
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Ge.Jg9#0. 5nmWJ:5nm«T©/i$r*^(D 
»!©SiO,li6±KBttMi*W«S*i»:SiG 
e«8aWtMv "C-*3l*WUil 2 4ffi»BMtC» 
SiJtcc. 1 1CDS i GeWiLtti, » 

L>SB1<DS ic.jGeJO^^riltWO 

[003 1 ]*fc, ff!2<DS i (1 . y) Ge y Il 0 40. 
133Pa£Lhl. 3 3 x 1 0 4 P a &CF<DEjjftm<D 

KEcvDSroitrsor, uhv-cvdsw 

WffCVDffi-CfeSSCCSJiaS iGei 
*»4Ci**-C* UHV-CVD?i^CD«X£ 

ft**, IS 2 CDS i t i.oGe ¥ Bl 0 <DG e 
JfflfifcJtytfO. 0 8^y^0. 3<D®ffift-C&&<D-C, 

[0 0 3 2] 

[JKtfeM] **c» *JWJ*c«*S i GeKOJMt^tt^ 

[003 3 ] ±IBHi6JKSiia«tC» 1 CDS i 0 2 Jg_b 
5C»1©S in-»)Gejaal2©S i (1 _ 0 Ge ¥ « 
*JBRKCjANIU ^(DRRIStRfiSS^tSSi <f - MBS) 
*W"</c. tt*5. *»I8«:«4||JS«<D*2<DS i 
(1 . y) Ge v Ilt Ge£ftf£Jty#0. 30*C£>£ o S 

$10S i ci-.iGe.Mttt. ■W5nmt*-?t 
GetttittbPOt t^Sil^tl^, 

[0 0 34] i4«, #*9i©**tWfc<fcSS i Gel 
<DSEM¥K£^l/fc&CD~e*£o C(D@4<h, JttStfJ 
iUTCD|gI7i4J:b©*r^<5:. A^7l*Wl^tb 
S i Ge^»^bbTte<^£fiSM3 

[0 03 5] S/c, S i Gel (GefiJ&tbO. 30) 

;^7tIOW»S i G eflcDfci^kJ: 1 x 1 0 
5 Qrabo/cCDCC*tL. **?8©SW«rtt. U10 4 

^4SSfflU/clS^-C«. tt*±Jt*<TJftlta:MW*»&*l 

[0 03 6 ] **?Btt, #C©«fc 5&*J»f2!B*4> 

^t**><D^fc£o ±8BH«U^tt^tt, *^ H JcDS iGe 
Mte>*Rfc*ffi* H B T Ccte » S "< - ^ 5 1 1 a IttMCc 

aiu/c^, iei»K±K:s i g emztismotcffimz^ 

T^ffecD^^^^^cD$?jtCciSfflLTt>^t>^:C^ ^Jx. 

a, mos h7>^*»©Mos*js«:*j^t, 
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■&mc*&WZ&Ml;-C BT*WW4Ci#t*4. 

[0037] ±?mmm^vit. nosiGe [mmomm^mm) 

tbx#io^x<o. o BtD^Hrt-c^tLTt^^i© 5>s?^#©wa*ffi. atf^yott^^-f 

s i Ge«rcfc**>ttt». m«. tsim (sio.) 9 H9>s?xaK?>-**«««c*»w*HBT%wr«w 

±«CGe«J«tbx*0*»60. 1 5S-Ctt«td«Al3ti- «tt«BIH"C*a. 

tt#6ttfiW**»l/fcS i Ge««XMKU C©ffi#4iffl [02] #IPJ«:»SS i GeJR<D»fiWrai^n 

<£©S i GeH±K3e.^Geifflfiatfcx*l0. 1 5CS Jg£h 9 R^fO^'-f*- 

iGe«**»ST4»£*>*»WK£**i'*. 9 h 5 >J> teHT. HBTOf2® 

[0038] racto*. #s««-tK:jg)iR3ni«m«s io s i g e wra«*-c<o«»^n-fe^*iaw(c^-rKiii 

S i Gem<D5%tJ)ffl<D0 ^x<0. 0 5©GeiflJifcJfc 0-e<&£„ 

x^WtSloW- 0. 5nmi5nmWT©)?S [03] :*»WC«4S i Ge*©j&fiR2ftt£'^0 

■c*ntf. coiow^iKfcws* i©s i g steh ? >e** 

eii*ilfCi#-C*S. *l/C. CO««W»OG 5hf>W*©-W««K*Wt. HBT©I2© 

eiflfiJU£x#0. 05*60. 15*t?©SiGe«* S i G eSUBld^6«««M*^©M^n-te** 

«, *»?|KJ*W*»2©S i Ge«i*tt"J-Ci««"C H0KwHSia-C*S. 

**. C©J:5K. #»HfC*rt*4*l©S iGeiLh [04] ^ftfHtC&S S i G eI©K*tti^fa 
KfiaR-rS^2©S i GegB. S&1©S i G elK©fi£ h ^OUSWffi. W^ag^/W*- 

mtcRS;©x« : &*ir-r'SciJ k d:<a^e«jtc^Bi3*T.s 5h7>y^$©-»i«:fei,>t, hbt©»2© 

S i Ge II &$**&©-?*£. 20 S i G e&©JjSBH#88 i &'nTS EM^JEt?*^. 

[0 03 9] IB 51 S i O.itO&JSbfcGeffififctfcO. 0 4© 

[^BJ©35&^] #&iPlK:J:*i(i, filT©»***-T&. S i Gel©«iWit*rSEHtWr*4. 

#2fcHJ©S i GejR©fl*0ttF&<Cj:ti& s<?7r*0E [06] Si O,±KJBffiUfcGettfiSH:0. 1 3© 

IlKtel,>t. f l©Si (1 .„Ge,M0. 5nmfel S i G em<Df&&K3Rfrfi'?S EM¥«-C*4. 

±5nmJWT©J?3ffiH"ajSJR-rS©"C. 5 IC [07] S i O^tCjfJfiSLfcGefflfiStbO. 30© 

1 O-SOnmiHSJWr^f^TJU&^giU S i G eS&<DJ&fMtfifflk%:ffi~tS EM?X"P*5. 

K»lr>S3©^77TfCi2©S i GeK©^»M{b [08] * v ? r H©HJ1«: 0~5 nmJtlWci 
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